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EFFECT OF THE CLEARANCES BETWEEN THE CASING AND THE
WHEEL UPON THE EFFICIENCY OF THE CENTRIPETAL GAS TURBINE

Candidate of Technical Sciences, A. Ye. Zaryankin, and M. F. Zatsepin

ABSTRACT

Formulas are presented for determining the influence
of the currents between the casing and the wheel upon the
efficiency of the centripetal turbine,

There is always a certain clearance between the casing of the machine [/33%
and the blades of the unshrouded wheel; the efficiency of the entire machine
as a whole depends upon the magnitude of this clearance.

Even though the effect of this clearance has been studied in several works
for axial flow turbomachines, there are insufficient theoretical and experi-
mental data for centripetal turbines. Essentially, we may only point to the
experimental data of A. Ye. Kovalevskaya (MAI) (Moscow Aviation Institute).

In this connection, it is of interest to further investigate the influence
of the clearance between the blades of the wheel and the casing of the centri-
petal turbine upon its efficiency.

In the general case, all other conditions being equal, the efficiency will
be determined by the magnitude of the clearances at the input to the wheel A

and at the output from it A, (Figure 1)

Nei = ,(31- As) (1)
- S| —_ . A2

where A1==-E_'; A2 = —— are the relative values of the clearances at the in~
1 2

put and output of the wheel;

21 and 22 —— heights of the blades at the input and output of the wheel.

Depending on (1), we may change from the arguments Z& and Zé to the new

variables ¢1 and ¢2.

We may thus formulate the assumption that the quantity ¢, is a function.

only of the clearance Z&, and that ¢, is a function of Z;; for 4, = Z; =03

* Numbers in the margin indicate pagination in the original foreign text.




Figure 1

Diagram of the Meridional Cross Section of a Wheel
Belonging to a Centripetal Turbine

¢, = ¢, = 0. With an increase in the clearances ¢, and ¢, continuously in-

crease. Taking this into account, we obtain

= h 'Q‘,(E,): (2)
w'(az)f

On the basis of a simple line of reasoning, we may reach the conclusion
éi is a function of the linear combination ¢1 and ¢2
no: = 1y [‘Pl (a)+
+ @ (K,)],

It is assumed in (3) that the constant functions ¢1 and ¢2 contain not

that n

(3)

only combinations of the arguments A1 and Z;, but aiso ceriain comstan
i.e., a linear combination is assumed in the following general form
e, (Ay) + 9y (4,) = ap, (&) + b, (A,) + c

Let us transform (3) to a new variable ¢
§ o= 1
A+ 9y (K!) + ¢ Gz) ’

(4)



Here A is a certain constant which is larger than unity.

The parameter which is introduced § is characterized by the fact that

1
0 <9 Y for any values of ¢, and ¢2 -- i,e,, the transformation (4) con-

tracts the entire numerical axis of the sum ¢l + ¢2 in the segment of the

axis § which is less than unity.

In this segment, expression (3) may be represented by the first two terms
of a power series for any values of the clearances, within a sufficient accur-
acy -- i,e.,

A B,/A
ny B+ BN Byt -V
: ’ Vg (Ay) 4 gy (Ay)

The expansion constants B0 and B1 may be readily determined from the

boundary conditions: o
forA, = AQ - 00 m[v\{ = ";’l = Bo: j
= % A . .onom By |
forAr=Ay=0 mg - o Byt g
from which we have the following
B o
';{"" o Mgy

and finally

'lgr' - "(:7_ (5)

A 0
nd g - L
T gy (A) 4 2y (1))

It follows from the properties of the functioms ¢1 and ¢2 and the struc-

tural formula (5) that, independently of the type of machine, in the general
case the efficiency must decrease according to a hyperbolic law with an increase
in the clearances.

In order to determine the functions ¢1 and ¢2, let us examine the flow in

the wheel with the clearance at the input Al and at the output A2.

The presence of the clearance A leads to the fact that the relative flow

rate at the input to the wheel w_, decreases to the quantity w&. Thus, as is

1
known, the magnitude of energy loss may be determined by the Borda—-Carnot
formula

_ A -w)

Ah, 2

If we relate the energy produced, which is connected with the presence of the

W



clearance Al, to the entire decrease in the turbine, we ohtain the following

expression for the loss coefficient at the input'i;1

Ay (w, ~—w;)’ _ ( K[ !
CI - h. wg Q - Q ] +K| ) . (6)
- Aw?
It is assumed that h0 ~ ——; p -— degree of reaction, and the ratio of
290

the rates w;/wl is replaced by the ratio of the corresponding areas at the out-

put of the nozzle box Zﬂrlll, and at the wheel input 2nr1(21 + Al).

A portion of the working component continues the flow in the clearance
from the input cross section to the wheel output. Flow thus occurs not only in
the meridional plane, since the presence of a clearance at the blade apex leads
to the flow running over into the plane which is perpendicular to the meridion-
al cross section of the wheel.

Thus, there is a continuous exchange of energy between the working
component moving in the clearance and between the main flow of the wheel.
During this energy exchange, a portion of the energy belonging to the flow
entering the clearance, and ejected from the wheel through the output clearance
cross section, is in operation in the wheel.

Taking these statements into account, we may write the energy loss coeffi-
cient, in connection with the leakage of the working component thirough the
clearance B, in the following form

AG
bo=h ——.
kl —— coefficient describing energy exchange in the clearance; [34
AG -- amount of working component emanating from the wheel through

the cross section of the clearance AZ;
G —- flow rate through the wheel output cross section.

If we express the quantities A7 and G from the equation of continuity, we
obtain

o L2 ¥C,) 8 sin b
Lo = Kk1bp (i +E;—-> ! Z)av . 2 .
\ av (YCo)av sin a%v
Here: Dav —— mean diameter at the output of the wheel;
(Ycz)gv and (yCz)av ~- mean mass flow rates in the clearance and

through the wheel;
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ag —~ angle at which the flow leaves the clearance AZ;

aav —— average angle at which the flow leaves the wheel.

2

In order to make a definitive determination of the coefficient Cz’ let us

examine the field of rates and angles in the flow beyond the wheel of a centri-
petal turbine (Figure 2).

It follows from Figure 2 that the flow is greatly twisted at the apex of
the wheel. If the mean angle is a, = 107°, then ag = 160 - 165°.

At the same time, if we take the fact into account that the flow rate is
close to zero at the wall of the casing, the ratio of the mean specific, mass
flow rates in the clearance and through the wheel may be assumed to equal
unity, with sufficient accuracy.

In addition, when investigating the flow through the wheel, we may assume
that the energy exchange between the flow in the clearance and the main flow
in the wheel fully compensates for the reduction in economy due to the flow
running over along the apexes of the operational blades -- i.e., we may assume
the coefficient k1 = 1. Setting

sinaj _ (7
singgV "

we obtain
- ol
fs = kady (|+—0—)-



Consequently, for small clearances, we have

A - 9

nOI Al -~ 1
—_— ] - e — koA $ .
'lgl <I+A|)Q "(l 6);

Dy
0= L

(8)

It may be readily observed that formula (8) represents the result produced
by expanding (5) in series of the functions (¢1 + ¢2) for small values, of

¢1 and ¢2.

Performing this expansion and comparing the terms obtained, we find

g i _
i Mt A ?
WI(\ )“: ———— e Q (_, l__) ;
' (n{;’l—n&) I+ Ay

9
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We finally obtain the following from (9) after simple transformations
Mo
“gl “3{
(l _ 19".)’ (10)
0
'lo(
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If the coefficient k2 designates not only the ratio of the sines, but also
contains the ratio of the specific, mass flow rates and the coefficient kl, it
follows from the conclusion which is reached that formula (10) is a general form-

ula which is valid for all types of unshrouded turbomachines.

Expression (10), and formula (8) for small clearances, may be considerably

mu]
simplified under the condition that the value of the angles @ is small (12-20°).

In this case, the term
K| -\? — 1
——— e L MA (1 ),
(14-A,)° ' ( 8 )

and, for small clearances, the dependence of efficiency on the clearance A ,

proves to be linear
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Figure 3

Influence of the Relative Clearance Z& at the Input
of the Wheel Upon the Turbine Efficiency:

@ — B, =0, & — 8, = 10%: & — A=
= 26%.

| W= 1— kB, (14 &) an

Let us investigate the extent to which the results obtained coincide with
the results derived from an experimental investigation of the influence of the
clearances Al and A2 on the efficiency of a centripetal turbine.

By way of an example, Figure 3 presents the values of noi as a func-
tion of u/'c0 for radial step in the case of Al = 0; 10%; 25% and A2 = const.
It may be seen from these curves that the change in Al from 0 to 10% barely
produces a change in the efficiency, and only in the case of A1 = 257 does

the efficiency decrease by v 1,2%.

&1

2
))in expression (8), we find that it comprises
. \1+A1’
v 0,0125 for the indicated value of the clearance Al, i.e., it almost coincides

with the value obtained in the experiments.

Taking the fact into account that Zi < 20% in the majority of cases in

real machines, we shall investigate the dependence of nsi on only the clearance

A, .

Estimating the ratio of the sines in expression (7) according to Figure 2,
we obtain the following dependence for the centripetal turbine
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Figure 4

Change in the Efficiency of the Centripetal Turbine
as a Function of the Relative Clearance A2 at the

Output from the Wheel, and the Shift in the Optimum

Value of the Parameter xopt = (u/cO)opt
O -- MAT experiments; A -- MEI experiments; 1 - Change
in efficiency; 2 - Change in the ratic x

opt
- 1
M='—0,45A. |+“—-
( ] )' (12)
which is shown graphically in Figure 4. 135

_ This figure plots the experimental points obtained for different values of
A2 at the MAI and the MEI (Moscow Institute of Energetics).

It follows from the graphs shown in Figure 5 that —- in spite of the
difference between the experimental arrangements and the items being tested --
the theoretic dependence (12) is substantiated quite well by the experimental
data obtained by two different organizationms.

We should point out that for small clearances of b, there is a tendency

toward a certain systematic deviation of the experimental data from a straight
line. This is related to the fact that, for small clearances, the magnitude of
the latter becomes commensurable with the thickness of the boundary layer
formed on a rigid wall.

As was shown in (Ref. 3), in this case the losses in flow friction on the
turbine casing begin to change in inverse proportion to the clearance A. The
decrease in the losses caused by a reduction in the leakage AG are balanced
by an increase in the losses in the flow friction on the turbine casing.
Therefore, in centripetal turbines, the clearances must not be decreased by
more than 1%. If the clearance is decreased more than this, the danger of the
wheel brushing against the turbine casing increases, and there is no increase
in economy.
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In certain cases, depending on the construction, the clearances Al and A2

may become commensurable with the blade height. A formula which is more com-
plex than (10) must therefore be employed to determine the reduction in effi-
ciency.

0
However, for specific applications, we must know the quantities Moz and

[+
Ng; - i.e., the efficiency in the case of zero clearance and in the case of
infinitely large clearances.
In the first case, we must employ data derived from tests with a shrouded

wheel, and in the second case we must employ data obtained from tests with a
completely open wheel.

The results of these tests, as well as tests with intermediate values of
the clearances, are shown in Figure 5, which gives the dependences Nyg =
= f(u/co) for a centripetal turbine for different values of the clearances Al

and Az‘

o]
If we perform the corresponding determination of the ratio noi/ngi for
optimum values of the parameter u/c,, we obtain

—A 00132
e = CRARY o oo e
n0$ AR 4 A

RV
015 4 (1o nasy (1
+( o Jornasta(1s () (13)

Formula (13) may be employed within the entire range of clearance changes
in a centripetal turbine.

If we analyze the experimental data presented in Figure 5, we may readily
see that when the clearance changes there is not only a decrease in efficiency,
but also a shift in the optimum u/c0 toward small values. The curve shown in

Figure 4 may be employed to determine this shift as a function of the clearances.
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P s, 50w upon efficiency varies. Thus, a

07 | > .
‘\*~\\ decrease in u/c0 leads to a de-

crease in the effect of the clear~
ance and, conversely, an increase
v T in u/bo leads to an increase in

A
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the difference An = ngi - n

Figure 6 However, if we compile the

dependence of efficiency upon x,

Dependence of Turbine Efficiency where

on the Parameter x %At#jgb)‘ : ;},_§9@Q__, 14)
0'opt » (“Cﬁopt

A=8imBe=0 ¢ — 4 ~45un as follows from Figure 6, all of

By =20 @ — A=A, == the curves are distributed at an

equal distance for any value of
— 0 0
the parameter x An = An = noi -

A
nOi = const.

Consequently, we may estimate the reduction in efficiency An as a function
of the clearance for any values of u/c0 by means of formula (12) or (13) and

expression (14). For this purpose, it is sufficient to determine MO0 for opti-
mum values of u/cgy, and to multiply the value obtained by the corresponding

value of x, i.e.,

An = A'q";. (15)

Thus, the data presented in this article make it possible to completely de-
termine the influence of the clearances Al and A2 on the efficiency of a centri-
petal turbine for any values of the latter, within the entire range of values

for the parameter u/bo.

We should point out that for axial flow turbomachines, in several cases
there is good agreement between the formulas derived and experimental data in
the case of k, = 0.85.

Similar relationships may be readily obtained for axial and centrifugal
compressors, but in this case a more careful determine of the coefficients kl

and k, is requisite.

10
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' " ocepolf Typbumnt (cff = 1,62 @, , = 107°).

Nlns oxOHuaTensHOTO OnpeieAeHmR kospdmunents L, pac-
CMOTPHM ROSE CKOPOTYefi W yraoB B NOTOKe 33 paGouMM KONECON
paasaasno-ocenuit TypGaup (prc.2). .. . -
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HAA 3aRPYTKa LOTUKA
wusb aj = 160.-165%%
. B 7o &e spes A oThOwEH
OB, G 3a30pe H uépes kA
EKOPOCTL ROTOKA GUinaK;
. BuiTb NPHHATO DaBHHIM-_SRHHHLE. -

Kpoue Toro, upn palGROTIEHHH TeueHHR uepe3 KONECO MOXKHO
TNIPRAATE, UTO SHEPTHOOMET- - MERAY TIOTOKOM 8 3330pe H OCHOBMLIN
RNOTOKOM B KONECE€ NONHOLTHIO KOMOEHCHPYET CHHMEHWe IKOHO-
MAUHOCTH M3-3a HaJMuHA  népeTeKkanwh no Beg_muuau padounx

Ecau cpegnult yroa a, = 107°, 10 y Bep-

Fe CPeAHBX YAENLHHX BECOBHIX . PacXxo-
YUETOM TOT0, 4TO Ha CTeHKE KOopnyca
¥H0; € AOCTATONHOA TOYHOCTDIO MOXKET

1 -

AIOTATOK, T. &, NPHHATL W Koppuunent ky = |. Toraa, oGosnaums
sin gy
0 = ky, )
sin a,
NOAYHHM
< d
- ta= kads (14+35).
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bnerxo 3aMeTHTL, uTo O-aa (8 npeml l ; mm
MEHRR BLpakenus (5) lfg-u n(o)mml (!;"'”:5 MAAMX
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IHEPIOMAIWHHOCTPOEHHE

M3 puc. 2 caeayey,uT1o y BCDUINHE KONECA HMCET MPCTD CHADL-.

N 3

[TpoBens Takoe Pa3inKenHe W CPABHNBAA NOAYUCHHBIE WIEHH,
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s nupaxenns (9) nocie Hecnomuux npeobpasosanwft nony-
YHM OKOHYATENBHO
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Ecnu noa KoxppHUHENTOM kK, NOWHMATL He TONLKO OTHOUIEHWe
CHHYCOB, HO W BKJAKOUHTHL B 3TOT KOIXPHUHENT OTHOWEHHE YAENBHBIX
BECOBWX PacXONOB H KOI(DHUHEHT Ry, TO H3 NONY4EKHOr0 BHBOAA
cheayer, uto ¢-aa (10) asaserca obuen popmy.sof, crnpasepinson
AAR BCeX THNOB 6e36aHJIaXHbiX TYPOOMAlIHH,

Buipaxenne (10), a npH Masnix 3azopax ¢-na (8), SHaUHTeNLHO
yRPOILAeTCH NPH YCJIOBHH, UTO JHAYEHHE YrIOB G; Mano (12—-20°).

B 3toM cayuae uaen
2 - 1
)Q<<k'A. (1+4)

A,
14 _Zz

H NpH MaAWX 3a30paX 3ABHCHMOCTL K. fi. A. OT 3a30pa Ay OXa3sm-
Baercx aunefnoft |
713,=l—-k,A,(l +T)'

PaccMoTpUM Ranee, HACKONBLKO XOPOIIO NONYYEHHHE De3ysb-
TATH COBNAAAIOT C PE3YALTATAMH ONBTHOrO WCCNEAOBAHHA BAHAHHR
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3a30poB A, K A, Ha K. . A. PaAHaALHO-0CEBOA TyPOHHH.
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Pnc. 3. Banauue OTHOCHTENBHOrO 3a30pa
A, ua Bxose B pafoyee KG1€CO HA K. 1. A.

. TYpGHHML:
o < . a e A= 10%: ~
04 ﬂ'jé L J 1 A = 251%. v AN

B xawectse npuMepa Ha pHC.3 ApUBELeHH IHAYRHUS Ny B PYHK-
UKH OT u/cy anf pagnanbHol cTynemn npw A, = 0; 10%;25%
¥ A, = const, M3 NPHRETEHHBX KPHBHX BHAHO, YTO HIMEHEHHE
Kl or 0 a0 10% npaxTHYECKH HE NPHBENO K H3MEHEHMIO K. n. A,
® Tonbko npu A, = 25% K. n. X. ynan wa ~1.2%.

]
Ouennsan yaen (T_-?—LA—) Q B Bhipaxennu (8) BHAKM, YTO npR
o e

| yK23aHHOM 3HaueHUH 3a30pa A, BeHuHNA ero cocTasaset ~0,0125,
7. €. NPAKTHMECKH COBMAZALT CO IMAUEHHEM MONYYEHHHM B ONBITAX,

VURTHBAN,4TO B PeanbHHX MAWHHAX B GONLIIMHCTBE Cayuaen

B, < 20%;"s gancweftttem GYIEM DICCMATPHBETL 3ABHCHMOCTE
YONBNO OT 38%0pa Ay,

Quenwsas no pue. 2 oTuowenwe cunycos B aupamennn (7),

NOAYYHM ANS PAAMAABHO-OCEBOR TYPOHHH CACAYIOUIYIO 3ABHCHMOCTS
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ROOPRKERNYI0 TPadueCcKN Ha puc, 4.
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* #eunl 3aBUCHMOCTH Tar = £ (

Ne 3 3HEPI’OMAUIHHQCTPOEHHE ';5

32CCH ME HAMECeNB ONBITHHE TOYKH, NOJYYEHHBe TIPH Pa3siny-
PhX AHAUCHINX 1\2 8 MAM w M3H.

HA Daddiuie SKCNEPHMCHTAAbHLIX  YCTAHOBOK W HCNWTHBaeMb X
OGBLEKTOR  TeopeTuueckas 3aBHCHMOCTL (12) poctaToywo xopowo
HOATHEDIKAACTCH ONBLITHLIMH RAHHLIMH, [ONYUYCHHBIMH ABYMHA pa3-
AHUHLING OPTFARH3AUHAMA,

JAMOTHM, YTO NpH MaJWX 3330paX A, HMeeT MECTO TeHACHUHR
K HEKOTOPOMY CHCTEMATHUECKOMY OTKIOHEHHIO ONKWTHHMX AAHHWX
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Puc. 4. Havenenue x. 1. a. pannanseo-ocesof -rypdmm‘t d

MOCTH OT OTHOCHTEIBHOTO 3330pa A4 Ha BHXOZE M3 paGowne
H cMeuleliie ONTHMAAbHOrO 3HAUE HHA napauerpa{ M =

O — onuTe MAHM; & — onwre M3H; I ~ nauenenge
2 — HaMeHENNe OTHOWEHNS X,

OT NpAMOR AMHAK. YKazanHoe OGCTOATENLCTBO cnmmﬁl‘i’éﬁ
NPH MalbiX 3a30pax BEJHYHHZ NOCKEAHErc CTaHOBWYICH collatlepn-
MOl € TOAUMHBOR NOTPAHHUYHOTO CAOS, o6pa3ymnerocla§l mx
BHXHOR CTeHKe.

B sToM cayuae, Kax noxasaHo B padote [3Lnb1'epn h ne-

We NOTOKAa O XOpNnyc TYpPOHHH HAUHHAIOT HIMERRTHCR. .
.IPOTIOPLHOKANLHO TEKYUWIEMY 3a30py A H ymenbisenue naTeps,’
BLI3BAHHLIX CHHKEHHEM YTeukH AG, KOMNEHCHPYETCR DOCTOMSHOTEPD
Ha TPeHHe NOTOKA O KOPRYC TypOHHL. [TosToMy B pazHansHO-OCessX
TypOHHaX He Cc/enyeT, NO-BHAHMOMY, YMEHMILATDH uaow gonee
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Puc. 5. 3aBHcHMOCTS K. . A. TYPGHHH OT u/c. Ann pa:um,!mlx 3na-
yeHufi aasopos A, u Ay
® — Ay =0, Ay =0 A —A8; =45 xn, Ay =25 8, @ — Ay =

=, Ay = .

uem Ha 1%; npu nansnefiuieM yMeHbIICHWH 33230pa BOIpacTaer onac-
HOCTb 3ai1eBanilsi paboyero Kojeca o Kopnyc TypGuHbl, B TO BpeMs
K3K 3KOHOMHYHOCTb CTYNEHH HE YBEJIHUHBAETCA.

B HEKOTOPHX CNYYaNX, NO KOHCTPYKTHBHHM COOGDaNEHHAM,

3a30pbl Ay H A, MOTYT CTaTh COH3IMEDHMbIMH C BHICOTOH AONATKH.

‘Tlpu 9TOM, oueBHAHO, ANR OUEHK CHHKEHHR K. B. R, CACAYyeT BOC-

~Nn1b30BaThCR Gosiee caoxHOR ¢-moft (10).

Oaxako n.na €e KOHKPETHOro NpHMEHEHHSN HEOGXOAHMO 3HaTh
BeJHYHHB '101 H 7o T. € 3HAUGHHE K. M. A. NPH HYAEBOM 3asope
K npH GeckoHeyHO GOJbLUIKX 3a30pax.

B nepBoM cayuae CREAYET BOCHOALIOBATLCK RAHNMMN NCTIBITAHRR -

C O6aHAAKEUHbLIN KOJIECOM, 3 BO BTOPOM — C MOAHOCTHIO OTKPHTHM
KOJIECOM.
PesyabTaThl TakuX HCNWTanHfA, a TaxxKe WCNWTaNHA C npose-
MYTOUHBIMH 3HAYEHHAMH 38 u};oa nokasaHbl Wa pHC. 5, TA€ nprbe-
o RAN puuusno-ocenol TYpOHHB
pH pasiMunBiX IHAUECHHAX 3a30poB A, K A,.
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Orclon, npou3seAs COOTBETCTBYIOWYIO OUEHKY OTHOWCHHR

'Tot/'\m FPH ONTHMBALHHX 3HAYCHHAX TNapaMeTpa ulcy, noAyunsm
Ha npuncackumx na puc. 5 rpadmkos caepyer, 9o uecuorpa .

0.0132

=088 + % — .
0,115 _ 0.453 (1 +-
+(HA1)Q+ o1 +5)

. Omoh (13) MOXHO NOABIOBATLCA BO BCEM AHANAIOHE HIMEHEHHN
aa3opod 8 paaHanbHo-ocesofl TypGuwe.

AKanWIHpYR ONHTHLIE AaHHBE, NPHBEACHHbE. RA pRC. 5, nerxo
3BMETHTL, YTO C H3MEHEHHEM 3330POB NMPOHCXCAWT He TONBKO maxe-
HHE K. f1. A., HO H CMEMIeH#e ONTHMANLHOTO 1/Cy B, CTOPORY MEHBIIHX
ero suauennfi. YKasannoe cuemenne B 3aBuckMOCTH OT 3as0pos
woxer OuiTe TaKKe oueneuo no xpnsoﬁ Ha puc. 4.
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C o'ruoneuueu bg; onmuswx mtmml nlcg snag

30pa Ha K. 0. A. Qkismsaercy &mmupu Talk, yuenpm

NPHBOANT K yuemmo san 3090

a/c. yeeantnpseTCH” PASHOCTE ?
Onuto ecAN. uocﬁmn ;inncuwcn. §
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To- Bee KpHBMe, KaK 57q creayer us prc. 6, pacno.lqrm w
nc‘mrrno W upH AOGOM sHavennn napauerpe, x Aqa Aq’-_— A

e S

npU  ANOMX INAYCRUNK “u/c,. PR AOCTaTONHO |

npH ORTHMAABKBLIX suuemmx Ucy W yumm noayuenmc !me-

WHE HA COOTBETCTBYIMCE dnavenie BEAWIBHH. X Te.
An = An‘x- - {(15)

Takum oGpasom, npnaeneunue B HacToswed CTaTbe AAHHME.

NO3BOAAIOT IPOKIBECTH TIOAHYIO OUEHKY BAHAHHA 3830poB Ay # Ay
HA X. N. A. PaANANLHO-OCEBOA TYpOHHW NpPH AOGHX IHATCHHAX

NOCACAHWA BO BCeM Awanasone suaucunlt napamerpa u/c,.

OTMETHM, 9TO NS QCEBHIX TYPOOMAWKR B PRAE CAYuaeB XOpoO-
mee COBNAREHNHE BLBEACHHWX QopMys C ONWTHHMH AARHKIMH nOAY-
waerca npu- kg = 0,85.

Anuormuue SABRCHMOCTH HETPYAHO NOAYWHTL AAN OCEBHX
K UEHTPOOENMBX KOMITPECCOPOB, HO B ITOM cayuae HeobxoauMa
Gonee octopomuan OUEHKA BEAHGHH ‘wospduinentos k; U k.
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